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NOVE E -lAf.MA'tUn A , ' <, ■ '\V A\Vv' K ! ' F I J 1 \ '\ [[)()[ NUNVNNOK 

is inventi ela ^ally to pharmaceutical dosage forms and their manufacture, and more particularly to a novel 

dosage form in which an active agent is combined with a solid excipient having a foamed structure, 

BACKGROUND OF THE INVENTION Pharmaceutical preparations, especially solid preparations intended for oral 
administration, are frequently supplied in so-callec 2 sbiets >a ic -iss; ve aimc •nmec eh e within 

in i > t - 1 i ,i< v J itcK tr u { as solid 

pediatric oral preparations and for administration to adi > ^ 

Flash -dissolve tablets typically utilize special highly soluble formulations and disintegration promoters, and also have a high 
surface area-to-voiume ratio to promote quick solution, in the past, because of their high friability, flash-dissolve tablets 
could not be sub ec-ed to > nation handling, and to processing steps such as costing, snk-jet pnnfcng. etc. , without 
breaking up. Therefore, it has been conventional practice to prociu^ r table's by freeze-arying the tablet 

material in the blisters of a blister package in which they were ultimately to be sold. The tablets took their shape from the 
>lisicr< in i i 1 r 

In the case of a swallowed tablet, low density Is desirable In order to make the tablef'gastro- retentive". Unlike a heavier 
tablet, vt, hi h * i > i i hi t i >E»hs lowly. A 

-» „n„ 1 v. ^ v, - i l„n li k mixi o 

- i i ! I i t i - a , t! h " , ope nt st^nf Apoh.ation 

Hy_ 3 °i ^ ' , i<.' in 

United States patent 8,31 2, 726. granted on November 6,2001 . I" - ' >■ > 

agent such as aluminm h, y n - n ' „<eiini 

hydrogen carbonate ■ i i r 

microfine pores or air spaces uniformly distributed within an extruded pharmaceutical product. The pores are described as 
having a mean diameter as small as 1 0- 20 microns. Conventional low density t t ' ve tablets, however, have been 
prone to weakness and tend to break apart In handling. Accordingly, they have been subject to problems similar to those 
encountered In the case of flash-dissolve tablets. 



1 i i h a - it - n 



)26, granted on May 20. ■ 975, describes tablets in which pores are formed by 
te. urea, ammonium carbonate, etc, in a tablet formed in a tabtet press. These 
form of comparatively large hollow spaces and canals through which a solven 



five substat 
.--polymers 



e produced by me 
: N-vinyipyrrolidon 



xtruslon ; 
ong with 
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il >u< i 'Jlmm i >n -Co _i , ^ s ' \ melt. I he 

expanded extrudate is shaped into a dosage form after extrusion. 



Atif t o ' - tf 1 sn I j ^ in 

European Patent Application 94924386.9, and U. S. Patent 3,885, 026, are formed by tabiet presses. 

j h >\ f- t- f -r he s oe ""Jt Jown frequently for 

maintenance. 

Attempts have been made to produce pharmaceutical tablets by injection molding, which was a promising alternative to the 
tablet pre;;:; method. However despite these U f in i i molding has neve; t n successful!, and most tablets are 
still produced by tablet presses. 

Various articles of manufacture, such as automobile dashboards, etc. have been formed from resins, such as PET, 

n< and PVC wh ch arc f a 1e < > i , , ; : ^. >i » r .. u ,v ijhUrganc 
compound mixed into a polymer matrix and heated to car - impound, resulting in the release of a 

gas (or gases) such as nitrogen, carbon dioxide, and carbon monoxide. Resins can also be expanded by physical processes 
not involving decomposition or other chemical reaction. For example, a gas may be introduced as a component of a polymei 
charge or in , N n v y ier. 

These stanu? i,^ 1 ^ ^ ^ i 1 , - t i ime i e. , on the order 

of 1 00 microns, or larger, with the void fraction., that is the volume of the ceils divided by the tot *u ium« typical y ranging 
from 20%-40% in structural roams, and from 80%-90% in insulation foams. 

The number of ceils produced per unit volume is relatively low (on the order of 105 ceils/cmS), and the size distribution of 
thee >ic broad ha 5 the ce size is fa from uniform throughout the foamed material. 

A great deal of research and development work has been carried out on microcellular and supermtcroceiiiar foam process 
technology. techrroiogy has made :t possible to prodoc:e expanded plasties having much smaller cells, arid a much 
r i < i r t -tt ^ ilast:cs exhibit a strength to weight ratio substantially greater than 

that of r >, ^ "\ foamed plastics. Microoelluiar foaming has proven usefui in producing stable, small II materials at low 
cost, and products made from microcellular foams have been produced on a commercial scale. 

fvlicrocellular plastics are generally def ec n about 100 microns 

Typical cell z i in th je from about 1 to 0 rr Cell i i >icall h f ' ^ ill per cubic 

centimeter. 

The specific densihes are typically in the range from 5 to 95 percent of the density of the polymer, and the ted iidui is 
similarly in the range cf about 5 to 95 percent. These cells are smaller than the flaws preexisting within the polymers and, 
thi d j n )l r >m 1 i iff i n h ! >° i m s 

- lurhrKo c imparee 

to the original polymers. 

With a ti ttht-t c-Jj t m <* r ti ti ° > in - t-n i if la n II 

sizes less than 1 micron, typically in the range from about 0.1 to 1.0 micron. 

Supermlcrocellular plastics can have and ceil densities greater than 109 ceils per cubic centimeter, and may be in the range 
of 1012 to 1015 cells per cubic centimeter. 



Either microcellular or supermlcrocellular plastics may be used in the invention for producing solid oral dosage forms 

m t i iless otherwise indicated the term'microcellular, "as used herein, should be understood to 
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Mlcrocellular foams, and processes and equipment for making microeelluiar foams = ■ he following United 



States Patents: 4.473. 585 Sept. 25,1984 MarBni-Vveciensky et ai. 
4,922, 082 May 1 .1 990 Bredt ei al. 
5,158, 986 October 27.1992 Gha et al. 



5, 1 50, 674 November 3,1 992 Cotton et al. 



5,334, 358 August 2,1994 Baldwin et a!. 
5,886, 053 February 2,1999 Park et ai. 
6,005, 013 December 21,1999 Sun et al. 



5,051 , 1 74 April 1 8,2000 Park et al. 
8,231 , 942 May 1 5,2001 Blizard et ai. 

6, 322, 347 November 27,2001 Xu, J. and in published Internationa! patent applications WO 98/08667 and WO 99/32544. 
<ii ' k u < ' I i tf i 1 I t m in / 

In general, mlcrocellular foams are produced by injecting a gas, or a supercritical fluid (SCF), into a polymer while the 

ilym m u i r n 3 i r i 3ii >t i 

large number of cells to form in the polymer, and controlling the growth of the ceils by appropriate processing conditions. 

The production of microcellula a d, for example carbon dioxide, 

into a polymer while the polymer is maintained under an elevated pressure. A superci i h is defined as a materia; 
maintained at a temperature exceeding a critical temperature and at a pressure exceeding a critical pressure so that the 
r \< Ml i in i i m ! j r f t < \ n i i u < 1 i i H fh< p jkm r 

form a single-phase solution. The pressure acting on the solution is then rapidly reduced, resulting in controlled nucleation a 

sit heg h >f which 5 ontrolled by - refully 

controlling pressure and temperature. The foams can be injection molded in conventional molding equipment. 

M ,roce UUt foam fe n , 3l i h 1 t i i > i i a 
automobile dashboards, etc. , has not been applied to the pha n ac e it c a tdi sir/ fc it jec tit 1 c -g of tablets. 
Apparently, the failures experienced by f n i j manufacturers in i - p to produce tablets by injection molding 
ti iv deterred < n bom gamp, iorward i < r h n , < > v ni In the 1 - t - >' - u loam iectinology. 



BRIEF SUMMARY OF THE INVENTION It has been determined that mlcrocellular foam technology can In fact be utilized 
successful v in 1 f > i i n if f r i ai •- a a- h - t i ft a - n < y affords significant 
advantages, both in the manufacturing process and in the product its© ' M<. s particularly ore ;e . lar foam can produce 
molded t „c > having desirable properties and consistent quality rapidly and at low cost- 
In accordance with the invention, pharmaceutical^ acceptable dosage forms are made by the following steps. 

First, a ncn-thermosetting excipieni polymer Is supplied. The poiymer Is preferably pre-mixed with a pharmaceutical agent tc 
form a homogeneous mixture, and heated to form an extrudabie mass using a conventional, twin-screw extruder. To form 
the pharmaceutical dosage forms, the extruded polymer/pharmaceutical agent mixture is cut Into pellets, which have a free- 
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fiowsng property. T he pellets are fed Into the hopper of a 

at jv pressure - e oha-e solution is formed, preferably by injecting into the polymer a substance which is a gas 
under ambient temperature and pressure, and which is substantially non-reactive with the pharmaceutical agent. The 
polymer, which h< - - - 1 o ;ie' --"ously with the pharmaceutics! agent, Is then molded into solid 



;;, and in V process of - e c o ' , e c dosage " the >.\i'» , i > j ^ i „r ': to a level at which 
leated In large numbers, each ceil containinc the aas. Aftei the ceils are nucleated, the temperature of the 
pldiv reduced to limit ce:: growth. 



s and the gas evolves from th« .1 1 bbie tematively, a 

e used, nitrccen belna a fyoicai example. The use of „ „n Is described 
sure i incorporated by r r e i in In rr ordance with 

-educed Into the polymer Is introduced. In the form of a supercritical fluid. 



The m El ' polymerised plasties material Is preferably a polyol. suitably lactltol, xylite! a sorbitol, erythntoi. 

mannitoi. and malfifoL uacfitoi is preferred because it is has an ideal melting point, because or Its flowablllty. because it is 
non- hygroscopic, and because it returns to solid form after melting. 

Other substances, for example, polyethylene oxide, can be utilized as the nc > \ r ' 1 m f 1 t tin! Additional 
ingredients, such as starches or compounds classified by their dextrose equivalents, such as maitodextrin can be included 
irt the polymer. 

The process of the invention produces a novel pharmaeeut ai oosac ' 1 ilch the active pharmaceutical agent and 
the solid < t imarlly m the form of a nc roc Hula' foam. 

When the foam is formed into tablets or other dosage forms by injection molding, the rigid mlcroceiiuiar foam is enclosed 
within a skin having a density substantially greater than that of the mlcroceiiuiar foam, but having In same composition as 
that of said solid mixture. 

The homogeneous solid mixti m r ce 'r o*. ■> pc s t o t. f t- h j i A i f at a tablet 

composed of the mixture will dissolve substantially Immediately In the mouth upon oral administration. Mlcroceiiuiar foam is 
oariicuiarlv well suited for use in fiasmdissolve tablets, its cellular structure promotes quick solution, but it is much less 
ft It t an !f - 1 in t n < I it 

The cellular structure of the mlcroceiiuiar foam also enables it to have a low density such that the overall density of the 



supercritical fluid into the mixture, can significantly improve the rate of production of an extrudate foi 
pharmaceutical dosage forms The process mah possit ichiev 1 1 
process, at a reasonable cost, and with superior quality control. 

BRICvf- DESCRIPTION O II I ) AWIN 5f 1 s; 
pharmaceutical dosage forms in accordance with the in 
is a di io am show n 1. a t f r 1 i - f r 

pharmaceutical dosage form in accordance with the invention. 

DETAILED DESCRIPTION OF THE INVENTION The invention is directed to production of novel drug/active agent- 

- - -r r t - - ,ir Icdf " - is at -is ci mplol< 2y ffm idap a ion >f tin r< c< ularfoarn 

techniques, used heretofore for producing strong, lightweight products such as automotive dashboards and plastic eating 
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utensils, 10 tne manuracture or pharmaceutical aosage rorms, it :s now possiose to ta^e aava; t 

, - - 3 , - 1 ' have a;' vc nt onai, time release, or flash-dispersal solution 

characteristics, and to produce these dosage forms at low cost by forming them continuously over a long time without 
interruption. 



\\ k ring to k3 i i ' r, i , ' / i i i ( •> b tider 2 

and subjected to melt extrusion in a ec~\entona t J f "i nga drive motor 6, a hopper 8 and a pair of 

screws in side-soy- side, meshing relationship, one or which Is seen at 10. 

Heaters 12,14 arid 16 are provided a i x \ extruder 4 t > establish separate heated zones Mixing esements 18 are 
provided at intervals along the screws in order to ensure homogeneity in the polymer-pharmaceutical agent blend In the 
tm i ii | it.! f i it ! i 3l h i t rrei of the exf' jdei 

The mixture advanced by the twin screws is extruded through a die 22 having a heater 24. The extruded mixture is 
preferably in t c i 3mm, The strand 25 

i in I ! t ! i i I ii ! 1 nip! sVer ° 

comprising a pair of rollers 36 and a rotating cutter 38. 

' pr p if 3 i 3 in i > , , , v ^ > Ii i i hi i! h 

mixture. Various additional ingredients, used to control the properties of the product, or of its intermediate forms, may be 
included. 

These additional ingredients may be, for example, binders, sweeteners, fiavorants. or colorants. The additional ingredients 
may also be disintegration promoters such as effervescing agents or substances which absorb water and expand. 
Lubricants so prevent the mixture from adhering to the mold may also be included. 

The melt extrusion process results in homogeneous pellets 30, which are delivered to the injection molding machine 40 as 
shown In RC3. 2. The pellets are introduced into a hopper 42 ocaled near one end ( < i 4^ 

heated nozzle 46, formed at the opposite end of the barrel, is connected to mold 48, which Is a multicavity mold. The barrel 
44 is heated by an electrical heating coil ■ not shown) or o;her suitable heating device in order to melt the pellets alter they 
j r St mi Ik hof x ■• - , h » ±» 

zle 46 j i 'it jina I w it in 

the barrel by an actuator 56. The screw is shown in lis withdrawn position. A vaive 58 is provided, through which a gas or 
SCF can be injected into she interior of the barrel. 

In the operation of she injection '- - n ; t , - in the screw 50 is ni II, moved >i > ro to a position > which the- one-way 
valve is seated against seat 60 osing oft the "ozcle 46 The rotation of the screw forces the melted mixture forward while 
causing she screw < If to move ioiigifiidinaiiy in the opposite dir action, 'aiming a cushion 62 of incited material in the barrel 
- . J - * ' f ating, gas, or supercritical fluid, is introduced into the barrel through 

valve 58. /We the cushion c formed, the 1 it n 55 initiates an injection stioi<e. pushing the screw 50 toward the; nozzle 
and thereby forcing the cushion of melted material through the nozzle and into the mold 48 during the injection stroke. 

The mold 48 :s a r ' 't i moid comprising two mating parts, 62 and 64, which can be sepataied from each other for 
removal of the molded dosage forms. Each mold part is cooled by passing a coolant through a coolant Inlet port 66 and 
exhau t m , ^ rati ' h tm) 

i m i j cted in o mold 48 

through sprue 70, 

In FIG. 3. whic.ii illustrates a typical cold runner moid cavity configuration, the radial runners 72 connect the centrally located 
sprue 70 to the mold cavities 74, which are disposed in a circular pattern. In the configuration shown, each radial runner 72 
serves i cavliies 74. there being i oblique branches 75 extending respect iveiy to the swo cavities < an intermediate 
point 78 on each radial runner. The connection of the oblique runner branches 76 to the radial runners 72 at Intermediate 
points 78, short of the outer ends of the radial runners, ensures that the melted materia! delivered through each radial runne 
will consistently flow into both cavities served by that runner. 
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the nozzle 46 enters heated channels that supply molfe ^ n" U 7-|t- > l i h r 7- - > al ' 

heated to ensure that the polymer remains in a molten condition throughout the entire molding cycle. In this way, material Is 
not wasted, as in the cold runner system, and cycle times are reduced, resulting in a more efficient process, A'Vaive- 



jal 1 I > one having a centra! rod for shutting off the no//;;; ouiie; or a "hot-lip"noz>:ie. where « outlet hi open. 

( ' foam tablets, as it wiii maintain molten material under 
pressure while the meld Is opened for the ejection of molded tablets. 

The processing < the mixture in Inferior; lin i in< 40 Is preferably carried out by injecting a ( t ■ u il fluid, such 
as carbon dioxide omit j, r; .h ue At t <= ocatson at 

vhich She f Jid o . ' o 1 a > 1 ' > - j. it t , 

state, so that the fluid and the melted mixture form a single phase solution. The single phase solution is then injected, by 
axial movement of ti screw 50. into the mold where 'he reduction m pressure allows the supercritical ku to come out of 
solution in the form of gas bubbles. The gas forms a closed eel! foam having a matrix or voids surrounded by a solid lattice. 
The i ) jut m the mold limits the expansion of the gas by rapidly solidifying the poiyruer. thereby keeping the maximum 
dimension of the voids within in a range of about 2 to 100 microns, a sir* 5 nuc e n aids in a co regionally 

produced foamed polymer. 

As; shown in FIG 4 ti i n < 1 i 1 , t < < the 

sizes of almost all of the voids being within a relatively small portion of a preferred range of 1 0 to 50 microns. The void 
ir < ti hi 1h i i ! < t t in t iinf i < hj s\ i. 

95%. 



In accord* c »ilt ; .\ ' f ml t r i e 1 'e ■ y j li n pi 

poiyrnef/supet'iirilioai Maid solution is completed. Huaiiy. thermodynamic instability is Induced m the solution to produce 
nucleation and expansion of the solution to produce a foamed material having a large number of microscopic voids or cells. 
Although the process specifically described utilizes supercritical fluids, similar techniques can be used to obtain microceilula 

- h ! I , ll 3 

The polymer/supercritical fluid solution is produced continuously by infecting a supercritical fluid, such as carbon dioxide or 

t • ntc hi i" ten polymer in the barrel 36 iffh n i r I < 1 > r t f i\ t i al fluid 
delivered Is preferably metered either by using a positive displacement pump (net shown), or by varying the injection 
ote <■[ rn jf thn l jerr tit! iu t h h i t i i 

metered supercritical fluid is fn t h ^ t on barrel where it is mixed with the molten polymer flowing therein 

f< form 3 sing e phase poly n'super heal f jid r <:u;s 

lipr 1 it f ! ' ft i ' [ > 3 tl i| II Itiq < pll ) 

solution of polymer and supercritical fluid. The weight ratio of supercritical fluid to polymer is typically about 10% or more. 
The maximum amount of a supercritical fluid soluble m a polymer depends on ;he working pressure arid :he temperature < 
l i' j. - i. '° iV" a ures increases the maximum amount of supercritical fluid 



le, in order to dissolve the maximum amount of gas. to 
achieve high nucleation cell densities. 

When t -e r. ilyr >r lu lit t 

single-phase solution, the pressure is rapidly reduced to induce thermodynamic instability and to promote a high rate of 
bubble iiudeatlon in the solution. Typical pressure drop rates used in accordance with the invention to produce foamed 
pharmaceutical dosage forms are higher than the rates previously used for producing microcelluiar foamed parts. The 
pressure drop rate in accordance with the invention preferably exceeds 0.9 GPa/s. 

The nucleated polymer/supercritical fluid solution can be supplied either immediately or after a delay, at a selected pressure 

to a shaping system such is < vt e expansfc and foaming of the solution occurs r >rder to prev 

shape from being distorted, the nucleated polymer/supercritical fluid solution can be maintained under pressure within the 



higher pressures ano/o 
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die until the shaping process has been completed. 

By the technique described above, a continuous stream of nrslcroceiiular, or supermlcrocellular polymer is produced. A wide 



t !l >1, tf ( fl ill !!!,!!( I Iht y 

are capable of absorbing a gas or a supercritical fluid. Moreover, any gas cr supercritical fluid can be used, provided that It 
is sufficiently soluble in the polymer that Is being processed. 

Chemic 1 blc \\m j ; I < i t h t t t r pt f !< fh tt 

is, they must meet venous guidelines for toxicity, etc. Generally accepted chemical blowing agents for use In the injection 
r ■ ■!■ Ii"u . V o i o a b a ni o \ ; 

?0'\-l GO! i - v.k CELOGEN AZ; 

sulphi ^vl li y I ' . < s of / ' iKIr > i , >n i > 1 ^ / , < mi 1 < >diu n incarbonats 

(which upon heating will relec •« ^ omum and sodium bicarbonate are USP reagents and can be Ingested. 

Thus they are preferred chemical blowing agents for use in production of pharmaceutical!;,' acceptable tablets. 



u i i i hio'of uorocarbons, 

hydrofluororo do t en carbon dioxide, argon, and aliphatic hydrocarbons. 

The chlorofluorocarbons, GFC-11 . GFC-12, used historically to make foamed polystyrene products but banned in most 
countries because of their ozone depletion potential, have been replaced with HCFGs and MFCs, which exhibit reduced, or 
1 to o/ori o >i" ' , - > i i n \ 

FORMACEL-Z4 (HFC-134A) and Elf Atochem produces a similar selection under the brand name FORANE (HFC-141band 
HFC-134a). A preferred chiorofiuorocarbon blowing agent for use in accordance with the invention is HFC-134a. 

r n art on in i J i it 3 ili if <vhkh h i jp<. « h i j n 

polystyrene and polyethylene, etc. , to form structural foams, are preferred for use in accordance with the invention, as thess 
q i ' < an ! j in I i i i f U r 1 < i 

Examples of aliphatic hydrocarbons which can be utilized as gas blowing agents for direct injection into the meited polymer, 
are butane, propane, and heptane. 

Reaction injection molding fRIM) Is also potentially us;abie U ' ' <u< 0 m ' < \ lis products m accordance with the 
nven jn. in ■= "i " r. a 

evolves, forming bubbles in the me!; For example poiyimathane foam is generally produced in this manner. Some 
polyurethane foams are hydrophiiic, can absorb large quantities of water, and can be useful as wound dressings. At present 
polyurettiane -.s not approved fo; oral ingestion. 



However it is contemplated that suitable ingestable, microcellular dosage forms can be produced by reaction Injection 
molding. 

he process in e G , o 1 0 mc n m u mi 0 pro< oe a wa soluble It p d 1 / 1 b arm 1 

into a pledgette. A water-soluble, foam pledgette, suitable for introduction Into a nasal passage, can incorporate a desired 

' n >i j - ^ - 1! 1 t t ii ! < 1 

process can also be used to produce water-soluble foam products containing active agents for application to wound 

ite , 11 1 °«a n - ti hi- i - 1 it t 

antiviral agents or co- formulations with other agents, such as silver suiflsalizine. Similarly, the water-soluble foam product 
j n be formed inn a suppository or pe t im ot al cavity. 

The loam product In accordance with the invention car; be utilized as a post-surgical sponge to staunch blood flow and 
absorb secretions following, for Instance, nasal surgery. However unlike conventional, commercially available, post-surgical 
) s Jf swellabie, polyvinyl alcohol (PVA), a post-surgical sponge in accordance 

with the Invention can utilize a water soluble polymer containing an active a y e' c 1 into the patient. The 
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p j surgic dance wrtn tne invention can rnererore nave not only a fluid- aosorcing etreet, out also a 

pharmacological effect 



As ii i previously, a particularly useful embodiment of t invention :s a tablet f r it a i f. r in or Hash 

dissolving tablet, formed of a mlcrocelluiar foamed polymer, such as a poiyo! or polyethylene oxide, ir: which an active 
ilnnniK n composition has been incorporated. Among the advantages of these flash-dispersion: formulations are that 
they are especially suitable ior pediatric patients and others > have difficulty in >,v a Irs ease or administration, and 
the ease with which care givers can confirm dosing in the case of institutionalized patients. The mlcrcceiiular structure of the 
dosage form , 1^ o^ ioot - 

tablet within very close tolerances. The microoelluiar internal configuration also makes p s le tc re vely high 

void fraction 

resistance to breaking up in handling that It can be supplied in conventional bottles rather than in blister packages. 

The tablets can be produced by extrusion without Injection molding, m which case rhe dosage can be determined c y cutting 
the extrusion to a desired length. 

The process of extrusion and cutting has the advantage that the desired dosage levels can be easily changed. 

oc c (ho v $ per table! and av no- afro 

Preferably, however, the tablet is injection molded, and. unlike: ;he faciei formed Py extrusion and cutting, it will have a skin 
which is more dense than the interior of the tablet, as shown in FIG. 4. The skin contributes to the strength of the tablet, and 
its resistance to friability, and also makes it possible to print, emboss or engrave information on the tablet in the molding 
process. 

In an alternative embodiment, the pharmaceutical composition can be provided In a non-soluble, acid- stable polymer foam, 
or an erodabie polymer foam, 

Because of the foam structure, the density of the tablet can be made substantially less than the density of stomach fluids. 
The lower density dosage form Is gastroretentive that Iff e stc ac - d allows for eaching of the dn 

from the foam matrix for gastric delivery, or sustained release gastric delivery. 

Various types of final products can be made by the techniques descriDed herein. These include products in the following 
genera! categories: f dispersal products, buccal dosage pioduots, sachet/'effcvescen: protiucss, suppositories or 
pessaries, and conventional oral tablets. 

Flash dispersal product:; typically provide for delivery of a iow dose, high potency drug, preferably containing less than 35 
ma of active agent. Suitable active agents for use herein Include REQUIP&commat:. AVANDIAO. PAXILO, and 
AiVIERGE&ccmmat:. 

In buccal d is i v < s - -J i >r i ti ! s sniff icily 

mucoadhesive to coat the buccal/sublingual mucosa. Alternatively, if trie coating can be retained in the mouth long enough 
to allow for i ab;;o;pi:cn, and if :he drug has a sufficient permeability across mucosa for an acceptable permeability 
enhancer Is included), buccal delivery is possible. It is preferable that the drug has a high wate ^ e » 

U" t ~ i i r> =■ r ' ' j jc "-a! delivery 

has only traditionally been applied to a handful of products, such as nitroglycerin, the ergot alkaloids, nitrates and selegiline. 

Water solubility of the active agent is defined by the United States Phaonacoepia. Therefore, active agents which meet the 
< ter s f si j c t j ly soluble as defir 

The mlcrcceiiular foam lends Itself especially well to sachet products, which are intended to be dissolved in a glass of water, 

m? enhances the solubility of the product. The foam may be 



)://www.wipo.int/pctdb/en/fetch.isp?ELEMENT_SET=B&IDB=0&LANG=ENGcS:IDO... 7/1/2009 



(WO/2003/057197) NOVEL PHARMACEUTICAL DOSAGE FORMS AND METHOD... Page 9 of 17 



granulated and packaged as necessary: 

In the case of suppositories and pessaries, the final product can be injection molded to suitable shapes for rectai or vaginal 



drug delivery. 

pi > ' h n n t r > i t ( i i i < i 

(IR) tablets, sustained release/controlled release (SR/CR) tablets, and even pulsatile release (PR) tablets. 

The trn | aaerir/'pharmaceuhcaiiy acceptable agent". "medicament". "active agenkartd "drug, "are used 

interchangeably herein, and include agents having a pharmacological activity in a mammal, preferably a human. The 
ph i r a t i < " 'l ne < tit include ^ems i ^ten Jet 

solely for ay airs! arsd/c cticidai usage or agents intended solely for application to plants and/or soil for other 
purposes. 

-■i ;r;r / i ;it g ; torn k own; aple c a -v< is oft r ? riiiar 

dosage forms, including coated dosage forms. 

The dosage terms in accordance wlih the Invention may also include additional pi'iarmaceutioaiiy acceptable excipients, 
including but not limited to sweeteners, solubility enhancers, binders, colorants, plastlcizers, lubricants, (super) 
disintegrates o( x h i! - > I v t> i .< pagers 

Suitabl fh iin [ i I n • - • rh, n h tin jI 

characteristics of ihej polyme dicta ie design of the dosage form, such as rapid dissolve, immediate release, 
delayed re ci< * n o i ^ < i - i t t m t c o >i > i n ease etc. 

However, for purposes herein representative examples of thermoplastic polymers suitable for pharmaceutical applications, 
Include, but a« oi limit d to >oiy {ett « e oxide), poly (ethylene giyco especially hi it weights si ;h as 

PE'~ i 1 t., 3 w> i <■ J 
(PVP, also know as POVIDONE. USPi manufactured by a i or \ t n primarily Grades with lower K 

lues L \ ft i K r 1 1 K n i 

COPOLYVIDONUM, Ph Eur), manufactured by ISP, P LAS DONE S-360 or BASF KOLLIDON VA84; hydroxypropylcellulose 
(HPG), especi , , r } , KLUCEL EF * nd LF n 1 

its derivatives such as the Eudragit fan - ^ . •• Pha'na, poly (alpha-hydroxy ' and its 

copolymers such poly >! ; t poly i t I < I poly (a.ipha -amntoacidsi i it copolymers, 
(orthoesters), poyphosphazenes, poly (phosphoesters), and poiyanhydrides, or mixtures thereof. 

M ) of these pharmaceuiicaliy acceptable polymer;: i tit I In detail m the Handbook of Mi j excipients, 

published jointly by the Amer can Fharm 

Polymeric carriers are divided Into three categories: (1) water soluble polymers useful for rapid dissolve and immediate 
rek a-e of xtu'o - tjer i n < i 

o liytners it pn' , il t" 5 >t J 

herein . if is aiso iecognl:.:ed that several < the poiyacrylates aie pH dependent ior the solubility and may tall n both 
categories. 

'i - s ' t - - - - k if p, 1 1 t \ > / t- otand name 

POLYOX. or mixtures thereof. If is recognized that these poiyrners may be used in varying molecular weights, with 

> j > i i j h 1 k I / / k Sen (y 

POLYOX is a water soluble resin which Is listed In the NF and have approximate moiecula! weights from 1 00K to 900K and 

OGOK to 700C i >e used as 1% 0 a 1 5% soiutio pen g upp n ecu weight) 

Additional preferred polymers include povidone, having K values and molecular weight ranges from: k value Moi. wt. 
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12 25 15 8000 17 10,000 25 30.000 30 50,000 60 400K 90 1000K 120 3000K These pharmaceutical^ acceptable polymers 
and their derivatives are commercially available and/or be prepared by techniques known in the art. By derivatives It is 
mean:, polymers of varying motecular weight modification of functional groups of the polymers, or co-polymers of these 



agents, or mixtures thereof. 

J n it aspect or tee present invention is the use of novel. I r n ( i or 1 r n < \\ \ tr e. , > 

starches or malrodsxtnrm which have been found, when combined with other' rnaterlars or exelroenrs ro create a materia 
that behaves i if rr , < r i r i :rr the intention molding process. The combination or materials It; ,d n rl betel 
a no ii f 1 - i sta se h e - - itol nor malrodextnn are 

thermoplastic when blended , hoi-meit extrusion, the resultant r it n con be processed by injection r < u as if it ■ 
a thermoplastic material. Adjusting the amount or wa e .mi 1 i ^ i r h 

disintegration performance of ihe material from an iir-> -or v a «*, a more prolonged disintegration, it should be n< 
that be adjusting tne amount and/or molecular weight of a r r t t polymeric can lets i e. , hydroxypropylcelluios; 
poiy (ethylene oxide) ) can effect the disintegration perfcrrriance or the material as wen In general, higher amounts and; 
high molecular weight polymeric carriers r c » <l 9 release performance. Adjusting the levels of water-soluble and 
polymeric excipients can give a wide sped ram of disintegration 1m Immediate release too ranch prolonged (r e. , >24 
hours) disintegration of the dosage form. 

The non-thermosetting polymerized plastic material is a combination of a poiyoi, and a non-thermosetting or non- 
therm ipl i>1 ir ii inn i n h is < ill t 

representative examples of non- thermoplastic polymers suitable for pharmaceutical applications, 



cellulose phfharaie. cellulose acetate pntiiaiafe. noncryscalllne cellulose, starch and rts derivatives, and sodium starch 
glycoiate. The thermosetting polymers are typically present in ranges from 2-90%, preferably -5 to 50%. Percentages are In 
j \ of total dosage form unless other wise indicated. 

In the invention, the non-thermosetting polymeric excipients can be inherently thermoplastic and therefore be readily 
injection moidabie Into solid dosage forms. 

For purposes heiem iepresentatlve examples or non- thermosetting modrriers suitable for pharmaceutical applications, 

-L- i m a i i r an especially, lambda 

t y } I "Mf 11 ' ' , ■; , f o lie 

sodium starch giyoolate. i It > 1 dextrose equivalent;;, dextrin, and gelatin Tne h< < < i modifiers are n ill, 
present In ranges from 2-90%. preferably 5 to 50%. 

A ,u ib c matenal which can cat; processed as n , thermosetting , , i a/ elastics nraterl. 
xylitol, sorbitol, erythritol, maltltoLand mannitoi. typically in amounts ranging from 5%-70%, pr« 

r jly jIs whkh r I > in u i >rin. As noted previous! 

iactito - JSF is erred poiyoi fc use in accordance with ihe invention. 

Non-thermosetting modifiers identified as starches, include but are not limited to pregeiatinized Corn Starch, Corn Sta 
bydroAveth) < < > < m- t t >i < , n f - K ' a\. Additional rea 

for use herein are the F'olyaldifols, re. g. innovatol PD30 or PD60: the reducing sugars are &!t:1%) : and Hydrocenate 
i /drosyiates < t SD3Q and SD60). 

Non-thermosetting modifiers identified as maltodextrins, include but are noi ' - - ; picaily in a 

concentration of 5-50%. classified by DE (detrose equivalent) and have a OE range of 5-18. The lower ihe DE numbe 
more like starch, which has a DE of about 0. The higher the number the more water soluble corn syrup solids, which i 
DE range of 20 to 28. Grades that have been found to be useful are characterized by Maitrin Mi 50 (DE 13-17), Ivlaltri 
M180 (DE 16.5-19. 5) and Maitrln QD M550 (DE 13-17) from Grain Processing Corporation. 
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Suitable colorants for use herein can include food grade soluble dyes and insoluble lakes, and are typically present in 
ranges of about 0. 1 to 2%. 



Suitable sweetener;; can be utilised, in addition > ;he polyols i as aspartame N f suoraiose ' ha > J Jin 
USP. or mixtures thereof, typically In content ranges from 0. 26% to 2%. 

j itable plaeticizars, include tria ate FCC, glycerin USP, diethyl phthalate, NF. or tributyl citrate, and 

mlxtur 1 T( o' The e lioi / i II t rom1to10%. 

Suitable lubricants, Include food grade glycerol monosterate, stearyl alcohol NF, stearic acid NF, Cab-0- Sil, Syloid, zinc 

r I r i , i i t 

fumerate NF, or talc, USP. and mixtures thereof. The lubricant content is typically in the range from 0. 1% to 2. 5%. 

Substances suitable for use as opacifiers/fillers include talc USP, calcium carbonate USP, or kaolin USP, and mixtures 
thereof. The o[ ciii f r cool ti /picall) i the range from 0.5 to 2%. 

Suitable effervescing agents, include carbonates and bicarbonates of sodium, calcium, or ammonium, along with acids such 
as malic ac:d and citric acsd. typically in the range from 0.1 to 10%. 

Suitable c: in eg t v , ,n d ■ < f or use herein include but are not lit- ik i - < >ojo 1 < n v search 
glycoiate, Eudragit L i 00-55, sodium carboxymethylcelluiose, Ac-di-soiO, carboxymethyi- cellulose, microcrystalline 

C v i v I in - - ' c - l - >l i C S 

swelling in the presence of bodily fluids. 

I ^ ' , n a ^ . t i io from 0.1 to 10%. 

Suitable binders for use herein include but are not limited to Veegum&commat:, alginates, alginic acid, agar, guar, 

it i i n'r r u tl i ka _, t s . > I " a i at 5 I 1 . n an amount 

of 0.1 to 10%. 

it is recognized thai certain excipienis such as the maitodextrins, starches, nydroxypropylceliulose, hydroxypropylmethy! 
cellule a and polyethylene oxides, will also serve as c o> i \ ! , - ,, agents In the tablets of this invention. These 
excipienis ai e either soluble or will absorb water and svve I tablet. 

Especially n he p iuc i of a fls dispe al tablet, where high water solubility is desired, excipienis from some or all of 
the above categories may be desirable 

For tablets intended to be swallowed, or for controlled or sustained release, excipients from some or ai! of the above 
categories mav >, used, and additional teaoenis may be desned Tne additional i eaqenis. include but are no; incited to 
binders and con i r ; <■ p r 'pr , methylcellulose/Na. 

carjox, iiPliyk Ik iht r n < I at - n ^ t ih rn ,ta hw^=it 

starch, rice starch, potato starch, tapioca, and am ^i z\ ^ ^ ^ in : =.nt t s <- 5% 25% 

Maltoded " t ij 1 i a j I J° r -< tp p"t in concentrations of 5%-50. 

ie ton 1 ^ i 5 j I i i i I n j i hot bt t pro ioc fii 

unique tablet shapes m elea e profile; o - y of e y convt tlonai tablet presses. 

iptable agents for use in accordance with the invention can be selected from a variety of 
ig, for example, analgesics, anti-inflammatory agents, anthelmintics, anti-arrhythmic'agents, 
ii i i i k r j n si t r t ^ n ti li t^caqe'is a -tiep ilop*ic > c I i 

antihypertensive agents, antimuscarinic agents, antimycobacieria! agents, antineoplastic agents, immunosuppressants, 
antithyroid ^ent*- antiviral age t <^ sec i e /pnofics and ne ^ astringents, beta frenoce o 
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(expectorants and mucolytics), diagnostic agents CJietics dcps~ ~£ aemostatics, 
- 1 V agents, lipid regulating agents, muscle relaxants , f" >r - i " par athyro.d calcitonin and 

biphosphonar.es, prostaglandins, radiopharmaceuticals, sex hormones (including steroids), anti-allergic agents, stimulants 



and anorexics, sympathomimetics thyroid agents. ) iV Ahiblto; s. CSBP<RI-Gp38 inhibitors, vasodilators and xanthines. 

Pi. I. mdf am ail,. ai < n i Ii h in n i i >i i toi I d>< i t ii„ 

administration such as rectal or vagina! administration. A description of these classes of drugs and a listing of soecies with 
each class can I t :n iViamndale. The Extra a n ; m Twenty- mats Edition, The f - < a Press. 
London, 1989, the disclosure of which Is hereby incorporated herein by reference In its entirety. The drug substances 
i. ) it up] ak i i u e ii ai i j is n n i t 

Suitable aci : in accordance with the invention may include the many bitter or 



diphenhydramine, otom< p- -mirom - f- ,0 -'sibuprofen 

ketcprofen, naprosyn, and nabumetone; 5HT4 inhibitors, such as granisetron, or ondansetron: seratonin re-uptake 

lilt tt > >ii h i i t if < i inn [ ii i > 

minerals and nutrients, such as calcium carbonate, calcium lactate, etc. , or combinations thereof. 

Where A t r above noted active agents, m particular ;he anti-Inflammatory agents, may , , be combined a it othei 
active therapeutic agents, such as various steroids, decongestants, antihistamines, etc. Examples of numerous suitable 

' . n ■ t a , [ } o N J < < c f.oqjette 

Hvdroxypropyl cellulose. Kiucel Acualon Food Grade Grade EF: Avg MW- 80.000 Grade GF: Avq iVivV- 370.000 Grade MF: 
Avg MW OOO.noC , ,e i I Av > OA 

AcDISol FMC NF Copovidone, Ph Eur Kollidon VA 64 BASF Erythrltoi, Food Grade C'Eridex 16955 Cerestar Spectrum 
Glyce n 

Roquerte Polyethylene Oxide POLVOX Dow Grade VVSR-N80. Avg. MW-200. 000 Chemical Name Brand Maine Supplier 
Crospovldone, NF Poiypiasdone ISP Grade XL-!0 Instantly Solub <=■ J \nox Gelatin ~v'pe B, MW-3000-9000 

(vlo1',x'vlic A i t-M o < aolymer. Type C, 55 Rohm Pharma USP/NF Lacl o 1 o to La.-ty M Purac USF 

Spectrum Aiginic Acid Chem, Sodium Bicarbonate, USP Baker Citric Acid, Monohydrate Sigma Spectrum Calcium 
A c - - n n t VIC Type GP-109NF Magnesium aluminum VeeGum F P.. 

T. silicate. Type IB. USP-Vanderbilt n¥ Polyethylene glycol, NF Polvgivcol Dow Type E4500 Type E8000 Soectrum 
Asuar p; , Oh. - O— - ',. i^ to; Ai onto' 

Grain Maitodextrin Maltrin Process „ V-j ' 

Mende c h iouf 

Colorcon Low-substituted LHPC (LH-1 1) Shin Etsu hydroxypropyl cellulose The extrudabiliry of the mixture and its 

tt n- •< m i n in o pellets :s important io the success or the injection molding process. Accordingly, the extrusion process 

be c » > xamples tha ' O °dasa 

i i i » i i r i r > t 5 i n n A ° i j ! 

1 i 1 standards or GLP standards unless otherwise Indicated. 



•nerai. tor ail of the examples, the processing temperatures were set id 120 C In the downstream rr 

s and die. Extruder speeds, using an APV Baker MP19 extruder with a 25: 1 barrel and !9mm, co-rotating twin s 
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were in me range or iuu-^uurpm. i orque, men: p'-^i >u e i^ei - ^ eoujring 
processing. When appropriate, extrudate was tested for melt flow rate (MFR) using a capillary rheometer (Kayeness LCR 
Series) with a die diameter o? 0.762mm and die length of 25.4mm. 



\ >A\1 M > , > — 1 v . , ii , t> -sldi 

EXAMPLE 2 Xyiitoi 25% Hydroxy-propyl cellulose. Grade 

Result: extrusion successful, but not fast-dissolving EXAMPLE 3 Xylitol 74% I «. - " ^ b- 20% 

■ i ii i i Hi. ~LE c > v |iti| 7°t" - 

Hydroxypropyi cellulose. Grade EF 20% Glycerol monostearate 1% Result: extrusion unsuccessful EXAMPLE 5 Xylitol 74% 
C< ) i j G ' - t r t 3 it > - * f PI , \ ilk 

79% Croscovidone 20% Glycerol monostearate 1% Result: extrusion unsuccessful EXAMPLE 7 Erythritol 60% 
Hydroxvpropy - : <i 

rheont- i y fliP.u -an e 

2.5% R« uit: exirusi i atsu a\ r neiry MFR&oommat:95°« 2 lOmi elf* > iy too low 

r - - i i < '~ )l 

f I >xt i. r I I 3 t 3 I 

J 2 ' 0 j o i„ successful Capillary rheometry: MFR&commat; 130 °C, 

>1 ■ I if in [ <r X m >i • 

extrusion unsuccessful EXAMPLE 12 Hydroxypropyi cellulose, Grade EF 90. 0% Glycerin 7. 5% Glycerol monostearate 2. 
1 f< <Ut ^ i >s i . i in t <' 1 t - 1>< • %pi 4 v 

cellulose, Grade EF 91. 5% G 6 c 3 nonostearate 2. 5% Talc 1 . 0% Result: extrusion successful Capillary 

rht ann f< x hU ii w 

r ild ii fi i t I 

EXAMPLE :4 Hydroxypropyi cellulose, Grade EF £53. 5% Xylitol 40. 0% Sodium Starch Glycoiate, NF 5. 0% Glycerol 
monosieara 5> v . ^ < , \, >. nd too tacky EXAMPLE 15 xk>HF53. 

5% Xylitol 40. 0% Sodium Stare* Glycoisfe. NF 5. 0% Glycerol monostearate 1 . 5% Result: extrusion unsuccessful, 
insufficient bin fc -ia' i -< j f-a j 1 tp -i, c aucy ,< c ;i/\> > -» X t V \ , r • <AMp[.b 16 
h.T r / v ^ / ^ -I u > . i i - ji monostearate 1 . 5% 

Result: extrusion somewhat successful Capillary rheometry: MFExcorrirns: I10XX 107. uayiOrrnr; } EXAMPLE :7 
Hydroxypropyi cellulose. Giade EF 53, 5% Sorbitol 40, 0% Sodium Starcn Glycoiate. J r 0. 0% Glycerol monostearate 1.5% 
R i It o rii >i r , \ \ \ aw n< 

EXAMPLE 18 Polyethylene oxide (PolvO) WR< ' — 

successf ; X EX A" 3 Polyethylene oxide 

{PoiyOX, WRS N80} 46'% Sorbitol 50% Sodium Staich Givcdate. NF 5% Result: extrusion somewhat successful Capillary 
rheometry: viscosity too i j tor MFR measurement EXAMPLE 20 Polyethylene oxide (PolvOX WRS IOSCO 38. 8% Sorbitol 
49.6% Ct •< ) i 5. 5% insiautiy Soluble Gelatin 5. 5% Givceioi monosteai are 1 1% Result: extiusion successful but 
strand needed to cool on bench Capillary rheometry: MERSeommat;90 : G. 7. OS-fgOOmlri MFR&commat;9;> ; C, 163. 

1 i n 1 , \ \ , \ v - o >v t 1 c f "» rbi j 

») C ~X ^m ■> ^ . ^ostearate 1% Result: extrusion unsuccessful EXAMPLE 

? IL'O o<yp,. . o I - - i - >! \ 1 < I , ■. ■ > I, Ji <~, t ^Ul'/'i Ol 

h.1h " l° ^" - t 

5 i r n 1 ii x ' piiia y rheometrv: 

'7 <~ — a X . . . a ^ t — - >, J« ^ , v f c a . 1 

■ > I ti 5%. Fudragl: LI 00-55 5% Glycerol rut! 1% Resuit; exfiusion a,occpi:abie Capillary rneometry: 
MFR&commat 1 15 C C, 10.870 c XA f ethylene oxide (PoiyOX, WRS N80) 40% Lactltol 49%o 

CXosor)Vicione 5% Aiaink; Acid " Givcetoi monostearate i% Result: extrusion acceptabie CapiiiaiV rfieorne:ry 
F ji Es 'GE t . 11 I J . „ 

• i t 1 - i i i " i i ( i i mi if °ptable 

/ rheometry: MFR&commat; 1 1 0°C 1 .686 a/IOmin EXAMPLE 27 Polyethylene oxide (PoiyOX, WRS N80) 30% 
La e-olronosiea 

rheometry: MFR&commat: : 10 C 'G, 3.106 g/IOmin EXAMPLE 28 Fc >t h, sue oxide /Q> VRS N30i 2 % Lac c 

« 1 t r n t a it > - o|hC jilia y rhe n^i f 

MFR&commat:1 C 679 g min EXAMPLE 29 Polyethylene oxide (PoiyOX, WRS N80) 30% Lactitol 62% 
Crospovidone 2. 5% Citric Acid 2, 5% Calcium bicarbonate 2. 5% Glycerol monostearate 0,5% Result: extrusion 
unacceptable Caf yy rheor try !FR&comroat;105 i C, 8.713 g/iOnrsin EXAMPLE ?0 Poly>t-v ^ ><. f f yOX ,VF S 
N80) 40% Lactitol 49% Crospovidone 5% B-Carrageenan 5% Glycerol monostearate 1% Result: extrusion acceptable 
heorm s FR&cc - * j 1 10°C, 4.143 g/'IOmin EXAMPLE 31 Polyethylene oxide (PoiyOX, WRS N80) 15% 
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Lactitol 65% Citric Acid 5% C liciutr 5 S Z j i Result: extrusion ur nsuff icier binder 

Capillary rheometry: MFR&commat;i05 < C, 2.617 g/IOmin EXAMPLE 32 Polyethylene oxide (PolyOX. WRS N80) 15% 
> I itric A id 5% Calcium carbonate 5% B-Carrageenan 10% Result: extrusion unacceptable, 



J u nd ' ' ' < 5 itol 60% Citric Acid 5% Calcrui 

; bonate 5'? B-C gee i t ne » f jic rheometry: MFR&commatxt05 c 'C, 8.571 

g/IOmin EXAMPLE 34 Polyethylene oxide (Po yC s wF " t ^.5 ■ • ~ 

Carrageenan 5% Result: extrusion poor, sodium rxeauxmatetoolatlleO learning stearic: EXAMPLE 35 Polyethylene oxide 
(PolyOX, WRS N80) 30% Lactitol 50% Citric Acid 5% Calcium Carbonate 0. 5% VeeGum F 5% Glycerol Monostearate 0. 
v - i ,ti c t / i - '' 5 | n , <iif t h 

, ' - ' . , .. . ■ . ^ . - i<l' -ite 

5% Crospovidone 5% Glycerol Mcmostearate 0. 5% Result: extruded well a; up to 2 ka.Gr Capillary meometiy: 
MFR&eomrnat 1 1 ' ) g/iOmm very stiff at this temperature EXAMPLE 3/ °c - PolyOX, WRS N80) 

""i ' 1 .5" Odix d's : :° i/a - v > > t suit: 

extruded well at up to 2 kg/hi C oWcg lOmin EXAMPLE 38 Polyethylene oxide 

tllC WRS M60; 25% Polyethylene glycol LtoOOO 5% Lactitol 50% Citue Acid 5% Calcium Carbonate 9. 5% i Ir tc. t 
LI 00-55 5% Glycerol Monostearate 0.5% Result: extruded well at up to 2 kg/hr Capillary rheometry: MFR&commat;110°C, 

3 g iOmm [ < < i t • t 

Citric Ac d ? ! ^„A'^ c eO ;> Spearmint 

)n iilnl I I mn " M r 

40 Polyethylene oxide (PolyOX, WRS N80) 24. 45% Polyethylene glycol E4500 5% Lactitol 50% Citric Acid 5% Calcium 
Carbonaie 9. 5% Eudragit L 100-55 550 Glycerol Mouootearare 0. 5% a if « 0. 5% Spearrnirr: Concentrate 0. 05% 
\ ' u!1 ;x mi xi w kg/hi I natei ml was molded in) 

tablets using the foam tablet process described above. 

/sight 



Result: could be extruded at 2 kg/hr but brittle 

C .III lie. „ 1 r < '5\ 

Sodium Starch Glycoiate 5% Result: extruded well at 2 kgmr Capillary rheometry: MPRiicommat; 1 10 : C. 37,734 g/IOmin 
[ < \ 1 [ V i < u ■ 

poorly, even at 0.5 kg/hr. too viscous EXAMPLE 46 Lactitol 50% Maltodextrm C/iaitrin Ml 50} 20% Sodium Starch Glycoiate 
% c I < ilt > , i in iMa un 

f 1 > ' ii ' r l ^j| <= <esjlt: extruded at 2 k. ° i —Jwn> '~ry 

thin Jid n v to be injection m >le : no MFR could be calculated. 

EXAMPLE 48 Lactitol 50% Mannitoi 25% Instantly Soluble Starch 15% Sodium Starch Glycoiate 10% Result: extruded at 2 
kq/irLicm-sirin »s r "I i i 1 Px^rr ) H C 

119.168 g/IOmin EXAMPLE 49 Lactitol 40% Maltodextrm (Maitrin Mi 50} 50% Sodium Starch Glycoiate 10% : Result: 

o ... o very well at 2 kgtoour Capillary i e. • to M -toe .r ' ■ ' I % !;?, 49/ , It — EXAMPLE 50 i X to 40% 
Maltodextrin (Maitrin M150} 50% VeeGum F 10% Result: extruded very well at 2 kg/hour Capillary rheometry: 
MFR&commat; 11 0°C. 13.646 g/IOmin EXAMPLE 51 Lactitol 40% Maltodextrin (Maitrin Ml 50) 50% AcDiSo! 10% Result: 
exf:i.;deo very well I 2 kg/hour Capillary rheometry: t -.. 10 r 1~ o EXAMPLE 52 Lactitol 40% 

Maltodedi <Mamn * " " , ocjov done 10% Resu educed veiy we at 2 kg/hour Capillary rheometry: 8.995 
g/IOmin E<A 1 t re, to' i ( on (Maitrin M150) 50 Ir o - | ?rywci tt2 

kc/hour Capillary meometrv: MFR&ccmmat:1 \0'X). 1 1.722 g/IOmin EXAMPLE 54 Lactlt '."to sit. % r Maitrin M150) 
50% Eudracto lc 00-55 5% Crospovidone 5% R i extruded very wan at 2 ko/hour Capillary rheometry: 
MFR&commat;1 15°C, 1 2. 893 g/IOmin EXAMPLE 55 Lactito! 45% Maltodextrin (Maitrin M 1 50) 40% Pregelaiinized Starch 

0.230 goOmln EXAMPLE 56 Lactitol '5')% Maitodexts in (Maitrin M i 50} 3050 toegeiaOGoeto Starch NF .'Starch : 500} 10% 

1 i e i^- ell a /kgfuu Cap ary "^ometi / Mf ninaf 110 8 5 min EXAMPLE 

57 Lactitol 45% Maltodextrin (Maitrin Ml 50) 40% Pregelaiinized Starch NF (Starch 1500) 5% Crospovidone 5% Eudragit 
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L1 00-55 5% Result: extruded we!! at 2 Kg/hour Capillary rheometry: MFR&commat:1 10°C, 13.879 g/IOmin EXAMPLE 58 

R 5"\ >rege i zed Starch NF (Starch 1500) 15% Crospovidone 10% Eudragit 00-55 10% Result i c na 
process at 2 kg/hour, palletized poorly with large amount of powder EXAMPLE 59 Lactitoi 60% Crospovidone 20% Eudragit 
LI 00-55 20% Result: marginal process at 2 k^our i; /a en*. o< <" H « I t - - , , - a ion ate light 



Powder U8P 20% Crospovidone 20% Eudragit LI 00-55 20% . At r ki , / >c . > at 1 kg/hour very fragile 

EXAMPLE 6; Lactitoi 50% Erythrltol 20% Maitodextrin 0 i n Ml 50) 25% Sodium Stanch Glycoiate 5% Result: processing 
temperature to form strand very low, ~70°C ! strand required extra cooling time to pelietize. 

\ -> t ~ j s\\ r il in a a ' dtinized Starch NF (Starch 1500) 15% Crospovidone 7. 
5% Eua agit ^1 id > a e P° alt ^ d^ at . ^ i i ^i FU63 

L i 1 r I i ^ ( > ill i 4 uded a! 

2 kg/hour, pelletized poorly with large amount of powder EXAVP_E 64 La^t „ o Etaich NF 

(Starch 1500) 15% Crospoyidone 7 5% Eudragh LI 00-55 7.5% Result: extruded at 2 kg/hour, pelletized poorly with large 
amount of powder EXAMPLE 65 Lactitoi 60% Eiythritoi 10% Pregelatinized Starch NF (Starch 1500) 15% Crospovidone 7. 
5% Eudragit L100-55 7, 5% Result: exirudeci at 2 kg/hoa; but strand Oiinned arid required extra cooling time. pelletl:-ed 
- r f ^ amount of powder EXAMPLE 66 Lactitoi 55% Maltode*t L L'-E. i i ot 

j r 113 R p 4° j lOmin 

EXAMPLE o _ - ii v. 1 r 

well at 2 kg/hour Capillary rheometry: MFR&ccmmat 1 10 C C, 18 8 <Af ctito! 40% M todex 

iM It 11 i i ry rfmomet y 

MFR&eommat;115 0 C ! 9.103 g/IOmin EXAMPLE 69 Lactitoi 40% Maitodextrin (Maltrin M150) 45% Eudragit LI 00-55 7. 5% 
Low subst uf h > Rosu f c->trucc-d wc a - k j t I i i vj • if Capillary rheometry: 

MFR&commat;110JC. 13.076 g/IOmin EXAMPLE 70 Lactitoi 40% Maitodextrin (Maltrin QD550) 50% Eudragit L1 00-55 5% 
" n r ' 1 i 5% Resui: extruded wen at 2 kgmoi.tr but peiiemarig was difficult a: times Capillary meomeiry: 
MFR&eommat;1 10<C, 14.872 g ] i a.; - 5%'Maltodextrin (Maltrin QD550} 45. 5% Eudragit Li 00-55 

5\ Ci .< . j„id n ~ r P 7 I sit ' j i 1 >nir I11i i. 

1 4.908 g/!Omin EXAMPLE 72 Lactitoi 40% Maitodextrin (Maltrin QD550) 43% Eua agi > d me 1 0% 

! i l r " I i i j in E <AMPI 

73 Lacttoi 40% Ma 'coextrin (Maltrin QZW-O) 4C E 1 a y _ < -mol Monostearate 2% 

Result: extruded very well at 2 kg/hour Caaillary rheometry: I o 41,569 r I r EXAMPLE 74 

Rr- HiW<— ^ iy tt L100 25 5, » 

P hn )"< I I ✓ I i u J II c 1 k j i aj. it -it >mmaf105"O 8.868 

g/iOmin MFR&commat;1 10"C, 14.251 g/iOmin injection molding of blend attempted using mold in Figure 3. Solid tablets 
ejected but runner remained with mold, preventing automatic operation of the injection molding machine. 

EXAMPLE 75 Hydroxyprcpyi cellulose, Grade EF 93% Glyce r 4% Giyce 3 no v ea a> 2% sic P Comn snt extruslor 
successful Capillary rheometry: M FR&commai; 1 20 < C, 6.419 g/IOmin Material was successfully injection molded into solid 
forms. 

EXAMPLE 76 CarvedilolO 5. 15% Hydroxypropy! cellulose, Grade EF 88. 85% Glycerin 4. 00% Glycerol monostearate 2. 

• . t ml - % ''■ ■\ic;'"'"V 0 C c 1 r 1a ei U i 1 tre<- u \ 

, n | t - ^ ^ 

EXAM \ T7 C vedilo Scommat; 5. i j de EF 92. 85% Glycerol monostearate 2. 00% 

Crrne-t 1 h, i ( I P» " n " _ 73C g/IOmin arid &commat;125°G, 5.319 g/10 

mm Material was successfully injection molded Into solid forms. 

\ > \ 1 • - vi - r I - w 1 1 1 - % I 2' j - 1 1 ? rr", 

Comment: extrusion successful Capillary rheometry: MFR&ccmmat:120 c C, 6. 617 g/10min Materia! was successfully 
injection molded into solid forms. 

EXAMPLE 72 ^ , ill \ - ><vfop/ir >< ^ j E~ % ^ A' > Ztyxmv - ofrusi m sac v«,,ful 

Capillary rheometry: M FR&commat: 1 20 "C, 8.016 g/10 min Material Injection molded poorly. 

The Inclusion of a polyol (preferably lactitoi) In the above examples serves two purposes. First it is a water-soluble excipienl 
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>' \Q for extrusion and injection molding. 



In general the process temperature was n higher than 120 °C. pieterabiy less then 1 10 C 'C end optimally lOO'O- or less. 
The time the polymer blend is exposed lo ihis elevated t „ i i Is no r „ than about two minutes. I i way potential 
thermal degradation can be minimized. 

In general, blends having an M I- "it nute J'!' rt i ting for njscfr i 

molding (i.e., ait; 1 20 : C) will nave a meit viscosity that will allow the materia! to be injection molded. 

Glid ts ' \ and glycerol nx ostearate) may be needed in the fomuiiation to prevent tablets from sticking to 

the moid. 

Pellets formed by the melt extrusion process depicted in FIG. f were fed into the hopper of an injection moidlng machine as 
depicted in FIG. 2, and melted in n I in s t < I n ~ i ^ 1~l md 

published International patent applications WO 98/08667 and WO 99/32544, supercritical N2 was injected into the melted 
c >iyin r in he t tin , - un il ftuid 

(SCF) formed a single, phase with the polymer. The operat ' >~ c f t ^c r \c>\ ^ J ruslnr^o 

! t J . >l ' - , U J nti the mold 

by driving the screw forward. Air in the moid was forced out during the injection stroke and the mold cavity completely filled 
with polymer. When the pressure was reduced in the moid, the gas came out of solution to form microscopic bubbles in the 
p yn ?i flie n Id was chilled illov c he polyme to re > s ap T ? moid was then opened, and ejection 

pins popped the resultant tablets out of the moid, depositing them into a drum. 

A preferred formulation foi > i Ok? >lyme sncl tr e in this process with an a ive agent is 

Hydroxypropylceiiulose. Grade OF, VI/ 000 9t - 0% Glycerin das plasticizer) 0. 0% Giycero: monostearate 2. 5% Talc 
{nucleating agent for loam; i. 0% The Invention makes it possible to foam tablets, via. a.n miaoncr: molding process, with an 
approx mate reduction relative to a solid tablet, of pharmaceutical^ acceptable polymers, to package the 

r t in i i h n t > 3 / \ n Miich they are to 

be sold, and to shape the tablets in any of a broad variety of possiole shapes. 

Once th^ i 1 f m t on J h 

clock, producing a very homogeneous product 

b i I m i--r h-int ^ i-jh g , ^le t jlef 

r i tig varying reiaase chaa?c:es istios .i» . :o v - ■- ' < ' a in "■ )ia c release or controlled reiease tablets may be 
produced, 

' Injection molding o: tablets (especially hash- release tablets) significantly reduces the complexity of the pharmaceutical 
manufacturing process The n s,- molding process o - ii , ' r ^ ^ 

extruded fn.r t.r i j a I 

n si s 2 J hour, 7 day) operation. 

The novel dosage forms of this invention, based upon a water soluble foam, provide for unique drug delivery pose . - 3 

Various moc ications ca be ma the iions and proce 1 ^hn^m R example although the preferrec 

process utilizes supercritical N2 or C02 injection, it is possible to produce suitable microcellular foamed dosage forms by 
injection of N2 or C02 m gaseous form under pressure Into the polymer melt, or to utilize a chemical Plowing agent or 
reaction injection molding. Similarly, whereas in the preferred embodiment, the polymer resin is formulated with the active 
agent already ; porat d nk t he active agent can be introducer her ; / rip ' , 
melt in the extruder, or where possible, dissolved in, and injected along with, the supercritical fluid. 

All publications, including but not limited to patents and patent applications, cited in this specification are herein incorporatec 
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Dy reference as if each individual puDiicancn were specifically ana individual;-/ maicarea td Be incorporared By reference 
herein as though fully set forth. 



The above description fully disclose:; the invention including preferred embodiments thereof. Modifications and 
improvements of the embodiments soeciftcaiiy disclosed herein are »v;mln me scope of me following claims. 

the scope of the invention in any way. The embodiments of the invention in which an exclusive property or privilege Is 
claimed are defined as follows 
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2 The phaif!u«x-;;tioa! dosage form according to claim 1 wherein the molded microcelluiar poiynwrk; mnieiia! is a non- 
thermoseiting polymerized plastics material. 

3. The pharmaceutical dosage form according to claim 2 wherein the non-thermosetting polymerized plastics material 
contains at least one polyol, and at least one non-thermose a-o n he > joym-jr. 

4. The ph3frr:ac«U::c<)! dosage form according to claim 3 whai el a the rvom-hermoseiting polyme-^eci plastics material 
contains at least one polyol, and at least one non-thermosetting modifier. 



8. The pharmeoeuaeai dosage torn-; ao;oic*:ae to claim 3 v.eiereia the nommermosetting mediae; is a stare?;, malfodextao a 
dextrose equivalent, poiyalditoi a hydrogenated starch hydrosyiate, or a mixture thereof. 

7. The pharmaceutical dosage form according to claim 6 wherein the starch is pregeiatinlzed corn starch, com starch, potatc 
starch, rice starch, hydro.* yethyl starch, whoa; starch, tapioca starch, or waxy maize starch. ot mixtures thereol 

6. The pharmaceutical dosage t'otni acceadag to ciaim 6 waerein the non-thermosetting modifier Is a maltodextrln. 

9. The Dharmaceutlcal dosage form according to claim 3 wherein the non-thermosetting polymer is carboxymethyl cellulose 
sodium, methyl cellulose, eihyieeiiuiose - ^ < \\ (i-iEC). >< > > > r I U < < (HPtvIC), 
hydroxypropylrnethy! cellulose phfhaiate, cellulose acetate phthalate, noncrystalline cellulose, starch and Its derivatives, and 

^ i oH ; i h \ - i in • , ' 1 

1 0. The pharmaceutical dosage form according to any one of claims 1 to 9 which optionally further comprises a sweetener, 



I. The pharmaceutical dosage form according to claim 10 wherein the lubricant is glycerol rnonoster 
earic acid NF, Cab-O-SH, Syloid, zinc stearate USP, magnesium stearate NF, calcium stearate NF, 
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f strearyl alcohol M , sodium stearyi fumerate Nr, or talc, 
13. The pharmaceutical dosage form according to claim 10 wherein the cpaclfiers is talc USP, calcium carbonate USP, or 



kaolin USP. 



"14. The pharmaceutical dosage form according to claim 1 wherein I pharmaceutical/ acceptable aenve age;;! i selected 
from an analgesic, an anii- inflammatory agent, an anthelmintic, anti-arrhythmic, antibiotic, anticoagulant, antidepressant, 
antidiabetic, anflepiieptio, aniihistamliie antihypertensive, n » i iw 1 I antineoplastic, 

i sedatives, beta-adrenoceptor blocking agents, cardiac inotropic 
ager;;, corticosteroid, cough suppressant, h u dopaminergic immunological agent, ii id n agent, muscle 

relaxant, parasympa 

i i v a dilate i 

J ^ 1 1 >V 1 ! t " L - ic materia! is a 

thermoplastic polymer. 

16. The phani c j v , oi - 'o'^ ic , o ; •> e aim 15 wherein the therm > poi polyethylene oxide, 
hydroxypropylcellulose, polyethylene glycol, polyvinyl pyrroiidone, copovitione, or povidone or mixtures thereof. 

17. The phan oeuficai ca , torn tax-rd j to c v 16 wherein the polymer is polyethylene oxide, 
hydroxypropylcellulose, or a mixture thereof. 

1 8. The pharmaceutical dosage form according to claim 15 which further comprises a non-thermosetting polymerized 
plastics material. 

1 9. The pharmaceutical dosage form according to claim 1 8 whe - w 
contains at least on-, pi < ' 

7 fn t etc uric 1 to s or u to 1 t i i u polymeric 

material is a closed cell foam. 

21. A pharmaceutical dosage iorrn comprising a ■ i mloroceiiula; foam consisting of a solid exclpient having voids of 

-i i i . uiir m < .cn niie range from about 2 to 1 00 microns and a void fraction in 

! a a f n ii n Ii r j i fi > t n alalia and an 

active pha 3 i in a homogeneous solid mixture. 

22. The pharmaceutical dosage form according to claim 21 wherein the non-thermosetting polymerized plastics material 
contains i I i 1 polyo!, and at least one non-thermosetting modifier, or non- thermosetting polymer. 

23. The pharmaceutical dosage form according to claim 21 wherein the pr oi is iactitoi, x> 3 ■ <: na nitol. 
or combinations ihereof 



24. The phan laceutiea Ic age form according to claim 21 wherein the non-thermosetting modifier is a starch, maiiodextrin, 
d h r i a e 'hereof 

25. The ph; t ) »h - - si - «. t - i S< n Ci r irn Starch. 
Potato starch, Rice starch, hydroxyethy! starch, Wheat starch, Tapioca starch, or Waxy maize starch. 

28. The pharmaceutics! dosage form according to claim 22 wherein the norsthermosetting modifier is a maltodextrin, 

27. The pharmaceutical dosage form according to claim 21 wherein the non-thermosetting polymer is earboxymeihyl 

MlliUco or.Hi.im mothi/i ,-olliilr.ca othulrsalli ilrtea huHrnvuatttulralh tinea fWPH hvrinrtvurmnvimathvi r>ell..!ne'a /WPMCi 
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hydroxypropylmethyi cellulose phthaiate, cellulose acetate phthalate, noncrystalline cellulose, starch and Its derivatives, and 
iium r h !> I ni c reof 



28. The phar maceutloal dosage term according to any one or claims; 21 to 27 which optionally iu: the; comprises a 
sweetener, a disintegrant, a binder, a lubricant, or an cpacifier. 

29. The pharmaceutical dosage - according to claim 28 wherein the = < t is croscar mellose sodium, sodium 
jrch glyci - c ' ;se. veogu-i nate, agai 

guar, tragacanth, locust bean, karaya, pectin, or crospovidone. 

30 n k > alcohol N 

stearic acid NF, Cab-O iyloic c NF, calcium stearak odium steanr 
cetcstrearyl alcohol NF, sodium stearyi fumerate NF, or talc. 

- ; v i i i J - c Ic i r i' J P ( 

32, The ph , , - 21 wht- em the at. < 1 selected from an 
analgesic, an anti-inflammatory agent, an anthelmintic, anti-arrhythmic, antibiotic, anticoagulant, antidepressant, 

i i II oplasti , 

immunosuppressant, antithyroid, antiviral, anxiolytic and sedatives, beta-adrenoceptor blocking agents, cardiac inotropic 
agent, corticosteroid, cough suppressant, diuretic, dopaminergic, immunological agent, lipid regulating agent, muscle 
relaxant, paras | parathyroid, calcitc in an t h t r t h pharma jutica ant! 

allergic agent, sympathomimetic, thyroid agent, PDE IV inhibitor, CSBP-'R^ p nhii cud a vasodilator. 

33, The ph 3 r t a n 21 wherein the solid exolpien: further comprise;; a thermoplastic 
polymer. 

34, The ph rn s " 33 wherein the thermof ;s:n polymer is polyethylene oxide, 
hydroxypropylcellulose, polyethylene glycol, polyvinyl pyrrolidone, copovidone, or povidone or mixtures thereof. 

35, The pharmaceutical dosage form according to claim 34 wherein the polymer is polyethylene oxide, 
hydroxyprapyiceiiLilose oi a mixture iheieor. 

36, The pharmaceutical dosage form according to claim 21 wherein the nors-thermosetting polymerized plastics material 
i i md at least one non-i rm } modifiei and optionall a thermosetting polymer. 

37 l"he p i > » ~ i 1 

polymeric materia! is a closed cell foam. 

38. A pharmaceutic;;: dosage 'o according ro i 21 , In which the homogeneous solid mixture has a sufficiently tngh 
? dosage foin ji nfially Immec s i istration 

i t t - in hi-ta r e -">Viniof lose J t- h 

40. A r " ' J c >i f "i h n hi 1 1 1 ' 

having a density substantially greater than that of the microceiiular foam, but having the same composition as that of said 
solid mixture. 

41 . A pharmaceutical dosage form according to claim 2 1 , In which the overall density of the dosage form is substantially less 
than that of stomach fluids, whereby the dosage form is gastro-retentive. 
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42. A method for making pharmaceutical/ acceptabie dosage forms Including a pharmaceutical agent and a non- 
thermosetting excipieni poiymsr, the method comprising the steps of: heating the non -thermosetting exciplent polymer to a 
temperature at which the polymer can be molded ; applying pressure io the polymer to maintain the polymer at elevated 



pressure; while na ' - ' i the ,J, ' , / elevated , i > j > forming , sir: , phase sokmon comprising said poiymer and 
a substance which Is substantially non-reactive with sale! pharmaceutical agent to form a single-phase solution, said 
substance being a gas under ambient temperature and pressure ; forming the polymer into solid dosage forms by injection 
molding, ano - ht 

polymer to form a homogeneous mixture; wherein, in the c 

elevated pressure is md;x;ed to a level it a hich h < i n 

after the cells are nucleated, the temperature of the pciyme is; sidly re tc« «t 

43. TtK (in tii ' - ■ ij n< f > < m a 

homogeneous mixture is carried out prior to the steps of he? - t „, e i 4-1 The method according to claim 

42. in which i r it n is toimed by ntrod r i i t 

under pressure. 



45. The method according to claim 42, in which said substance is introduced into the polymer In the form of a gas. 



I h ii i >l in ft i id un ltd 

gas Introduced into the polymer remains in soiution in the poiymer while the polymer is under a pressure greater than 
ambient pressure. 



47. The method according to claim 42, in which said substance is introduced into the poiymer In the form of a gas, the 
amount of gas introduced into the polymer •$ sufficient to form a saturated single phase soiution, and the level to which the 
elevated ore < i > - i ; i i < v unstable and gas 

evolves from the solution in the form of bubbles. 



18 1 Ii ik ! ii f t t ur i nt • n 

fluid. 

43. The method according to claim 42, in which the pressure and temperature reduction steps are carried out at rates such 
that the maximum void dimension in the so»d dosage iorm Is in the range from about 2 to 100 microns and the void traction 
is in the range of about -5 to 95 percent. 

r n 1 h metti c a ? t rr in i by melt exi n ri nlec-i 

molding step. 
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